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Experimental examination for electrical resistivity measurement using the
alternative current impedance method
Kentaro Hatakeda1, Weiren Lin2, Tada-nori Goto3, Takehiro Hirose2, Wataru Tanikawa2, Yohei Hamada2,
and Osamu Tadai1
Laboratory experiment of electrical resistivity measurement using an alternative current (AC) impedance method
is important to interpret the electrical survey and logging data, and to understand the electrical properties of rocks and
sediments. This study investigated the accuracy and applicability of the AC impedance method by measuring resistors
of known resistance (Experiment 1), electrolyte solutions of known resistivity (Experiment 2), and rocks and deep-sea
core samples (Experiment 3). We confirmed that the accuracy of the measurement system was the same as that provided
by manufacture in the Experiment 1. Two-electrode method was used for the Experiment 2, and the results showed that
resistivity and phase angle increased with lowering of frequency and decreasing of the sample resistivity. The resistivity
data was more accurate when the phase angle was close to zero. In the Experiment 3, we examined the way to prevent
overestimation and underestimation of resistivity by drying and wetting of the sample surface, respectively, and wrapping
a sample with parafilm was the most eective. In addition, we measured the samples of various porosity using two- and
four-electrode methods. Four-electrode method had an advantage that is applicable to wide range of frequency (102 to
105 Hz) because of its less influence of electrode polarization at low frequency, but reliable data ware also obtained using
two-electrode method by measuring highly resistive samples or measuring with high frequency. Our data showed both two-
and four-electrode methods were applicable to samples of various porosity (0.3 to 67%).
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ることが多い（Roberts and Lin，1997；Henry et al.，2003；












































Z = R + jX = jZj\ (1)
R = jZj cos  (2)
X = jZj sin  (3)
jZj =
p
R2 + X2 (4)
 = tan 1(X=R) (5)
Fig. 1. Resistivity measurement system (Agilent 4263B)
図1. 比抵抗測定システム（Agilent 4263B）
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Table 1. Theoretical resistivity of each solution
表1. 実験に使用した溶液の比抵抗












Fig. 3. Sample holder for solution
図3. 溶液測定用の試料ホルダ
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Table 2に示す．試料は円柱状に加工し，35 g/L NaCl溶液で
Table 2. Samples used in this study. Deep-sea cores recovered from
Hole C0019E, IODP Exp. 343 (Wedge sediments: 1R-1, 18–34 cm,
177 mbsf, and Gray mudstone: 5R-1, 102–117 cm, 697 mbsf) were
included (Lin et al., 2014)
表2. 実験に使用した試料．IODP Exp. 343 Hole C0019Eで採取された
Wedge sediments（1R-1, 18–34 cm, 177 mbsf）およびGray mudstone（5R-1,
102–117 cm, 697 mbsf）を含む（Lin et al.，2014）
Sample Diameter Length Grain density Porosity
(mm) (mm) (g/cm3) (%)
Belfast gabbro 26.11 29.42 2.95 0.3
Aji granite 24.92 30.23 2.66 0.9
Rajasthan sandstone 26.02 29.78 2.65 11.9
Berea sandstone 24.63 29.31 2.68 20.3
Gray mudstone 39.41 38.98 2.63 45.2
Wedge sediments 39.59 38.46 2.60 67.3
飽和させた．飽和方法については，岩石試料（Aji granite，


































Fig. 4. Sample assemblies for (A) two-electrode and (B) four-
electrode methods
図4. （A）二極法および（B）四極法の試料と電極の設置方法














100 kHz 10.005 0.14 51.02  0:70 99.81  1:51 199.1  3:15
10 kHz 9.996 0.01 51.06  0:09 99.98  0:17 199.9  0:35
1 kHz 9.996 0.00 51.07  0:01 99.99  0:02 199.9  0:04
120 Hz 9.997 0.00 51.07 0.01 100.0 0.00 200.0 0.00













100kHz 0.949  15:44 3.232  66:21 3.503  83:24 3.524  87:03
10 kHz 0.995  1:74 8.454  15:04 25.98  53:01 32.24  82:15
1 kHz 0.997  0:19 8.867  1:66 45.70  8:63 237.3  51:19
120 Hz 0.999 0.00 9.007 0.00 50.20 0.00 998.0  0:04
100 Hz 1.000  0:07 9.109  0:69 53.39  4:01 750.4  102:77
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Table 4. Frequency dependence of impedance and phase angle for
KCl and NaCl solutions (n=1)
表4. KClおよびNaCl溶液のインピーダンスおよび位相差の周波数依存
性（n=1）
KCl 1 mol/L 0.1 mol/L 0.01 mol/L
Frequency





100 kHz 6.509  12:0 51.81  2:03 453.4 0.22
10 kHz 12.12  46:1 56.25  11:6 459.2  1:83
1 kHz 61.31  68:3 101.8  43:2 493.5  9:79
100 Hz 364.1  70:4 452.5  64:2 795.2  36:9
NaCl 35 g/L 17.5 g/L 3.5 g/L
Frequency





100 kHz 12.79  9:22 24.09  4:69 105.0  1:40
10 kHz 20.38  38:7 29.99  23:9 111.3  8:37
1 kHz 86.78  63:9 88.22  56:3 165.2  32:8
100 Hz 491.3  68:5 469.3  67:0 575.2  58:5




























Fig. 5. Dierence between the measured (100 kHz) and theoretical








ことで見かけの抵抗が大きくなる（Emmert et al., 2011）．
この分極は，物質の抵抗が小さいほど，また周波数が低
いほど顕著になることが示されており（Schwan，1966；














相差が小さい）順に1 mol/L KClが約6%，35 g/L NaClが
2.2～4.5%，17.5 g/L NaClが1.5～2.5%，0.1 mol/L KClが
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Fig. 6. Relation between the measured (100 kHz) and theoretical
resistivity
図6. 測定値から求めた比抵抗（100 kHz）と理論値との関係
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Table 5. Comparison of (A) water loss and (B) resistivity in the dierent sample surface conditions
表5. 各条件における（A）10分間の水の蒸発率および（B）比抵抗の比較












Berea Sandstone 0.38 0.45 0.51 2.93 2.934 3.013 3.036 2.994 3.363
Rajasthan sandstone 0.46 0.59 0.79 3.00 7.040 7.620 7.788 7.769 8.556
Aji granite 0.66 3.14 6.55 17.65 109.1 218.7 228.7 190.2 689.1
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Resistivity-2 electrode Phase angle-2 electrode
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